Graduate Theses, Dissertations, and Problem Reports
1967

Free Radical Addition Of Mercaptoacetic Acid To Substituted
Phenylcyclohexenes
ROBERTA SUE CORE

Follow this and additional works at: https://researchrepository.wvu.edu/etd

Recommended Citation
CORE, ROBERTA SUE, "Free Radical Addition Of Mercaptoacetic Acid To Substituted Phenylcyclohexenes"
(1967). Graduate Theses, Dissertations, and Problem Reports. 8669.
https://researchrepository.wvu.edu/etd/8669

This Thesis is protected by copyright and/or related rights. It has been brought to you by the The Research
Repository @ WVU with permission from the rights-holder(s). You are free to use this Thesis in any way that is
permitted by the copyright and related rights legislation that applies to your use. For other uses you must obtain
permission from the rights-holder(s) directly, unless additional rights are indicated by a Creative Commons license
in the record and/ or on the work itself. This Thesis has been accepted for inclusion in WVU Graduate Theses,
Dissertations, and Problem Reports collection by an authorized administrator of The Research Repository @ WVU.
For more information, please contact researchrepository@mail.wvu.edu.

67-11,780

CORE, Roberta Sue Karickhoff, 1939FREE RADICAL ADDITION OF MERCAPTOACETIC
ACID TO SUBSTITUTED PHENYLCYCLOHEXENES.
West V irginia University, Ph.D., 1967
Biochem istry

University Microfilms, Inc., Ann Arbor, Michigan
$

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

FREE RADICAL ADDITION OF MERCAPTOACETIC ACID
TO SUBSTITUTED PHENYLCYCLOHEXENES

Dissertation
Submitted in Partial Fulfillment
of the Requirements for the Degree of
Doctor of Philosophy
in the
Faculty of the Graduate School
of
West Virginia University

By
Roberta Sue Karickhoff Core, B.S., M.S.

Morgantown
West Virginia
1967

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

ACKNOWLEDGEMENTS
The author wishes to express her appreciation to the director
of her research, Dr. F. J. Lotspeich, for his guidance and cooper
ation throughout this work, to her committee, and to her parents
and husband whose assistance made this work possible.
The author also wishes to thank Mr. Bob Smith and Dr. C. G.
McCarty for their cooperation in the nuclear magnetic resonance
studies.
The author also wishes to acknowledge the support of this re
search by Public Health Service Research Grant (GM09342) and the
Public Health Service Training Grant from the National Institutes
of Health and an Institutional Cancer Grant from West Virginia
University.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

TABLE OF CONTENTS
Page
INTRODUCTION AND LITERATURE SURVEY
EXPERIMENTAL

1

..................................................

16

.....................................

28

................................................

63

RESULTS AND DISCUSSION
BIBLIOGRAPHY

........................

A B S T R A C T ......................................................
V I T A .........................................................
APPROVAL P A G E ..................................................

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

66

68

69

LIST OF TABLES
Table

Page

1

Preparation of Substituted l-Phenylcyclohexanols

.

2

Physical Data on Phenylcyclohexenes from
Dehydration of Phenylcyclohexanols
. . .............

20

3

Preparation of Trans-2-Phenylcyclohexanols

4

Preparation of Tosylates of 2-Phenylcycloh e x a n o l s ............................................

23

Preparation of 2-Phenylcyclohexanemercaptoacetlc A c i d s ...............

24

6

Tosylate Displacement . . . . . . . . . . . . . . .

26

7

Free Radical Addition of Mercaptoacetic Acid
to Phenylcyclohexene Derivatives (1:1)
. . . . . .

27

8

Antitumor Testing Results ...........................

29

9

Displacements of Phenylcyclohexyl-tosylates
with KSCH 2 C 0 0 K .....................................

37

Relative Reactivities of Phenylcyclohexenes
Towards Mercaptoacetic A c i d ........................

55

5

10

. . . .

18

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

21

LIST OF FIGURES
Figure

Page

1

Scheme for Phenyl P a r t i c i p a t i o n .................

2

Nmr of cis-2 - (2 *-Methoxyphenvl)-cvclohexanemercaptoacetic A c i d ................................... 38

3

Nmr of trans-2- (2 *-Methoxyphenvl)-cvclohexanemercaptoacetic A c i d ................................... 39

4

Rate of Addition of Mercaptoacetic Acid to 1(4’-Methoxyphenyl)-cyclohexene
...................

46

Rate of Addition of Mercaptoacetic Acid to 1(2'-Methoxyphenyl)-cyclohexene
...................

47

Rate of Addition of Mercaptoacetic Acid to 1(4'-Methylphenyl)-cyclohexene . . . . . . . . . . .

48

Rate of Addition of Mercaptoacetic Acid to 1(3'-Methoxyphenyl)-cyclohexene
. . . . .
.........

49

Rate of Addition of Mercaptoacetic Acid to 1...................
(3’-Methylphenyl)-cyclohexene

50

Rate of Addition of Mercaptoacetic Acid to 1Phenylcyclohexene ...................................

51

Rate of Addition of Mercaptoacetic Acid to 1(2',3',4'-Trimethoxyphenyl)-cyclohexene ...........

52

Rate of Addition of Mercaptoacetic Acid to 1(2',3'-Dimethoxyphenyl)-cyclohexene ...............

53

Rate of Addition of Mercaptoacetic Acid to 1(2*-Methylphenyl)-cyclohexene ......................

54

5

6

7

8

9

10

11

12

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

.

33

-1-

INTRODUCTION AND LITERATURE, SURVEY
"Let the chemical treatment of tumors meet not the poison of
venemous doubt and cynicism, but the blissful joy of hope.
Just as
diseases still recently thought incurable are today readily cured,
so tumors will surely find their specific treatment with drugs.
Mankind, achieving the modern wonders of science, has demonstrated
its creative genius."
E. T. Gurin, Urgent problems of drug therapy of cancer and other
tumors (Bezotlagatil'nyl zadachi lekartsvennogo lecheniya raka i
drugekh opukholei). Kiev, 1908.
Among other outstanding advances in medicine, the last twenty
years have seen the appearance of a new method of treating cancer:
chemotherapy.

The desire to understand the relationship between

biological and chemical activity sparked this research program.

Of

the many compounds synthesized in our laboratory and tested on KB
Cultures, Sarcoma 180, Lymphoid Leukemia, and Lewis Lung Carcinoma
by the Cancer Chemotherapy National Service Center at the National
Cancer Center few have shown activity.

1— (2*,3',4'-Trimethoxy-

phenyl)-cyclohexene showed activity against Lewis Lung Carcinoma;
l-( 2 ',3*-dimethoxyphenyl)-cyclohexene and l-( 2 '-methoxyphenyl)cyclohexene passed the first screening test against Lewis Lung
Carcinoma but only the l-(2'-methoxyphenyl)-cyclohexene passed the
second screen; and the l-( 2 '-methoxyphenyl)-cyclohexene has passed
the first three screening tests against Sarcoma 180 and 1b at the
present time in the advanced screening stages.

Other phenyl sub

stituted cyclohexene derivatives have shown no activity.

It was

our desire to try to correlate the chemical activity of similar
olefins with their biological activity.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

-2-

The following compounds were to be synthesized:

OCR,

0CH 3

,OCH

(OCH

The biological activities of these compounds were to be tested
by the Cancer Chemotherapy National Service Center against KB Cul
tures, Sarcoma 180, Lymphoid Leukemia, and Lewis Lung Carcinoma.
The interaction of cancer chemotherapy agents with irrelevant
non-critical cellular constituents has been disscussed by Wheeler
(1) with respect to alkylating agents.
could be involved
thiol group.

One of the groups which

as a possible biological target is the

Calcutt and Connors (2) investigated a number of

animal tumors, either responding or not-responding to treatment
with an alkylating agent, merophan.

A correlation between sensi

tivity to the drug and the ratio of protein bound sulphydryl to
soluble sulphydryl was established.
The most reactive site on the phenylcyclohexene molecule is
the double bond in the cyclohexene ring.

Free radical addition
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to thiols to olefins has been shown many times.

Knowing the abun

dance of thiol groups in the body and the fact that irregularities
of sulfur metabolism have been demonstrated with malignant states
(1 ) the free radical addition of mercaptoacetic acid to the sub
stituted phenylcyclohexenes was selected to be used to study the
chemical reactivity of these compounds.

Benzoyl

+ HSCH2COOH + peroxide
s c h 2c o o h

This system was of particular interest because previous workers had
found this reaction to be rapid, however, in the phenylcyclohexenemercaptoacetic acid system the rate

seemed to be much slower.

Also

the stereochemistry of free radical

addition of mercaptans to

ole

fins is of interest chemically.
It has never been definitely established whether the config
uration of a free radical is planar (I) or pyramidal (II).
I

II

Most reactions of optically active molecules in which the active
center becomes a free radical lose their optical activity.
exceptions usually have special explanations (3).

The few

In any event,

the stereochemical evidence now available does not allow one to
distinguish between planar and pyramidal configurations for free
radicals if it is assumed that a pyramidal free radical can "turn
itself inside out" many times per second.

Neither a planar radical
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nor a pyramidal radical that can undergo rapid inversion would sup
port assymetry when free, but either type could if suitably shielded.
The addition of thiols to olefins is known to occur under a
variety of conditions.
1.

Acid catalyzed reactions.

O

^ \ ^ S C ( C H 3)3

(J
2

.

+ CH 2 = C(CH 3 ) 2

(4)

Jase catalyzed additions.
RSH + CH 2 = CH - CN — 2SI

3.

H2so 4

r-s-ch 2 ch2-cn

Free radical addition.
RSH + R'CH = CH 0 ----

r ’-ch 2 -ch2sr

The interaction of thiols with unsaturated hydrocarbons was
first reported by Posner (5).

For many years the addition of mer-

captans to unsaturated compounds was considered anomalous because
it did not follow the predictable course based on Markownikoff's
rule.

Posner (5) found that the addition always proceeded accord

ing to the first of the two possible reactions indicated by equa
tions I and II.
I.
II.

RSH

R'CH = CH„

r'ch 2 -ch2sr

RSH --- >

R'CH = CH 2

r'chsr-ch 3

Ashworth and Burkhardt (6 ) confirmed Posner's observations on
styrene and thiophenol, and observed that light accelerated the
reaction but did not alter the direction of addition.

Holmberg

(7) found that the addition of mercaptoacetic acid to styrene
yielded B-phenylethylmercaptoacetic acid, the abnormal addition
product from the standpoint of Markownikoff'a rule.
At the time of the discovery of the peroxide effect on the
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addition of hydrogen bromide to unsaturated compounds Kharasch and
Mayo (8 ) suggested that the mercaptan addition should be reinvesti
gated and attention paid to a possible peroxide effect.

Kharasch

and Mayo (9) found that the addition of mercaptoacetic acid to
styrene in the presence of peroxides gives an immediate reaction.
The product, 3-phenylethylmercaptoacetic acid, had already been
obtained by Holraberg (7).

When the reaction was run in the ab

sence of peroxides, addition according to equation I was inhibited,
and when free radical inhibitors were added the reaction did not
occur.
It was clearly shown (10) that the "abnormal" addition of
mercaptans to olefins occurred by a free radical mechanism since
it was catalyzed by peroxides, retarded by free radical inhibitors
and accelerated by light.

In 1947 Cuneen (10) found that thiolace-

tic acid added readily to double bonds.
been studied (1

0

,

1 2

After many reactions had

) an empirical rule of orientation was estab

lished - the initial attack occurs exclusively at the more hydro
genated ethylenic carbon.

The initial attacking species was felt

to be a radical containing sulfur, RS*.

That it was not H could

be shown by energetic considerations (3).
Characteristic marks of a radical chain process, an effect of
air and acceleration by light, were noted by Ashworth and Burkhardt.
This together with the "abnormal" direction of addition, has pro
vided the bulk of evidence that free radicals were involved in the
addition of mercaptanB to olefins.

The likelihood that free radicals

were involved in the addition of mercaptans to olefins was first
suggested by Burkhardt in 1934 (13) “and the presently accepted chain
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mechanism shown below was suggested by Kharasch in 1938 (8 ).
CH 3 S- + CH 2 - CH 2

CH 3 -S-CH 2 - 6 H 2

CH 3 -S-"CH2 CH 2 + HSCH 3

ka^

AH - -14 kcal

CH 3 SCH 2 CH 3 + CH-jS* AH = -12 kcal

Both addition and displacement are appreciably exothermic, making
a rapid chain reaction possible.

There appears to be very little

extra energy requirements for these reactions and, in many systems,
they derive extra driving force from the polar nature of the react
ants .
Peroxides are often used to initiate thiol addition to olefins.
In addition to acting via their thermal dissociation, in some sys
tems they may also initiate chains by redox reaction with the thiol.
The reaction may be initiated photochemically in the absence of
0

oxygen or peroxides even at 0°.
quired.

Light of wave length 3000A is re

Actually, amny olefin samples contain enough peroxides

that added initiators are unnecessary.
accelerate addition.

Traces of oxygen generally

The oxygen or peroxide initiated addition is

suppressed by antioxidants and free radical inhibitors.
The best information on the relation between structure and
reactivity in thiol addition comes from studies of competitive
reactions.

Compelling evidence that the thiyl radical is a strong

electron acceptor, attacking points of high electron density comes
from a study of the competitive addition of mercaptoacetic acid to
a-methylstyrenes (14).

The following table compares data on the

relative reactivities towards the maleic anhydride radical.
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Relative Reactivities of a-Methylstyrenes Towards
Thiyl and Maleic Anhydride Radicals (60°)
Substituents
P-OCH 3

ROOC-d^-S*
100

Maleic Anhydride
18.5

p-CH 3

2.28

1.12

H

1.00

1.00

p-F

0.51

0.72

p-Br

0.90

0.73

m-Br

0.96

0.96

The accuracy of the measurements is not high, but the great ac
celerating effect of the electron supplying groups is plain and may
be correlated, with polar contributions to the

transition state

such as
R-S* CH =C - CH 3

X

R-S CH 2 -C-CH

0CH 3

"0CH 3

II

+ •OCR

In Walling's scheme, electron withdrawing groups in the thiyl
radical should also increase activity.
Bicyclo [2.2.1] heptene derivative (III) gave exclusively the
product of c^.s addition (IV).

Addition of p-thiocresol to 11-

chloro-9,10-dihydro-9,10-ethanoanthracene (V) (17) gave a mixture
of products of which 1/3 resulted from trans addition and 2/3
from cis addition.

Crlstol and Arganbright suggested a classical

radical intermediate for these reactions.
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C1

-c 6 h 4 -ch 3
C
A classical intermediate radical also has been postulated re
cently by Cristol and Reeder (18) in the addition of p-toluenesulfonyl chloride to two norbornenes.

Norbornene and aldrin (III)

gave exclusively trans products in the addition reactions.

Neither

skeletal rearrangements nor cis-exo-compounds were detected in the
reaction products.

Presumably, the approach of a molecule of p-

tolylsulfonyl chloride to the number three carbon of the intermedi
ate is hindered in the exo direction by the large p-toluenesulfonyl
group.

Transfer is thus favored from the endo-side of the inter

mediate.
\,‘
That the p-toluenesulfonyl group should present such steric
crowding is borne out in other investigations involving molecules
possessing this function.

For instance, Bordwell and Cooper (19)

reported the relative inertness of chloromethyl-p-tolylsulfone to
ward the reaction with potassium iodide in acetone and demonstrated
that the effect was purely steric in nature.
Stereospeciflc thiol addition would seem to be expected only
in the case of olefins that are highly sterically hindered.

Gen

erally, however, addition of radicals involving sulfur have been
shown to be non-stereospecific, although relatively high degrees
of stereoselectivity have been observed in most cases.
studied the addition of a number of thiols to

1

Howe (20)

-methyl-cyclopentene.

Addition of thiophenol produced 19.2% trans product (cis addition)
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when the mercaptan to olefin ratio was
was 20:1.
1:1).

1

:1 ;

2 1

.2 % when the ratio

p-Chlorothiophenol gave 17.05% trans product (ratio

Hydrogen sulfide added to form 19.66% trans adduct (ratio

1:1) and 16.7% of the trans isomer when the ratio was 18:1.
zylmercaptan gave

1 0

Ben-

- 2 0 % trans product which was unstable under

the reaction conditions.

With thiol additions one encounters a

series of compounds which are less reactive as chain-transfer re
agents than hydrogen bromide.

As a result of the slower second

step in the reaction the intermediate radical has sufficient
time for isomerization to occur.
Results similar to those just described have been obtained by
other groups of workers.

Goering, Relyea and Larsen (21) reported

predominantly trans addition of thlolacetic acid (66-73%), hydro
gen sulfide (74.8%), and thiophenol (94.2%) to 1-chlorocyclohexene.
Bordwell and Hewett (22) observed 85% trans addition of thiolacetic
acid to 1-methylcyclohexene, 70% trans addition to 1-methylcyclopentene, and predominantly trans addition of thiophenol to

1

-

methylcyclohexene.
Addition of thiolacetic acid at -78° to cis or trans 2-chlorobutene has been shown to afford identical mixtures of products con
sisting of 90% threo- and 10% ervthro-2-acetylmercapto-3-chlorobutane (23).

At room temperature the olefins were isomerized rapidly

by the adding reagent.

The results were rationalized in terms of

(1 ) development of some ionic character in the chain transfer
step, and (2) minimization of steric interactions.

Development of

ionic character in the transfer step corresponds to the explana
tion offered by Greene, Remers, and Wilson (24) in their study of
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free radical bromination of biphenyl with N-bromoauccinimide.

Ap

plied to the present case the dipole would be oriented away from
the largest existing permanent dipole on the saturated carbon.
AcS

This

CH

6+ .
6"
R 3-C----H--- SAc
CH
VI
would lead to trans addition as shown in (VII).
steric effects leads to the same conclusions.

SAc
VII
Consideration of

In the conformation

shown, non-bonded interactions are at a minimum: the smaller of
the two groups on the radical carbon (chlorine) lies in the "hole"
between the methyl and acetylmercapto groups while the acetylmercapto radical lies between hydrogen and methyl and on the opposite
side of the molecule.

Both of these factors lead to the formation

of the product from trans addition, threo-2-acetylmercapto-3chlorobutane.
The question of classical versus non-classical Intermediate
free radicals arose in the work of Cristol, Brindell and Reeder
(25) on the radical addition of thiocresol to n o r - b o m a d i e n e .
Two products were formed in the addition reaction, 40% exo-5-norbornen-2-yl aryl ether (VIII) and 60% 3-nortricyclylaryl ether
(IX).

s-c 6 h 4 -ch 3

s-c 6 h 4 -ch 3

VIII

IX
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Two routes are possible for the formation of these products, one
with a classical intermediate radical corresponding to each pro
duct and one having a non-classical radical capable of giving rise
to either product.

The classical radicals shown below as (X) and

(XI) give rise to (VIII) and (IX) respectively.

X

XI

XII

The non classical radical is represented by (XII). Attack of a thiocresol molecule at carbon two results in formation of (VIII) while
attack at carbon five gives (XI).

The authors reasoned on the basis

of work by Seubold (26) on mesomeric radicals in neophyl radical re
arrangement, that the products of the reactions involving a nonclassical radical intermediate would be independent of reactant
concentration, whereas the ratio of products from a reaction in
volving separate classical radicals would be a function of mercaptan concentration.

Experiments varying mercaptan concentration

showed a definite relationship between product ratios and mercaptan
concentration.

The results are in agreement with LeBel's (27) con

clusion on hydrogen bromide addition to norbornene, that the overall
stereochemical picture of the reaction is quite clearly affected
by the highly strained nature of the olefinic system.
Of considerable interest is the work of Skell and Allen (28)
on the conditions necessary for stereospeciflc addition of mercap
tans to olefins.

Cis and trans-2-butene gave identical mixtures of

erythro- and thero-3-deuterlo-2-methylthiobutane when allowed to
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react with methyl mercaptan (CH^SD*)*

When a mixture of deuterium

bromide and methylmercaptan (CH3 SD) was allowed to react with cisand trans- 2 -butene, stereospecific reaction products were formed.
Cis-2-butene gave threo-3-deuterio-2-bromobutane and threo-3deuterio- 2 -methylthiobutane, while erythro isomers were obtained
from the trans olefin.

These results require that the sole mole

cule participating in chain transfer be deuterium bromide.

Stereo-

specific addition is achieved by rapid reaction of deuterium bromide
with the 3-methylthio-2-butyl before isomerization can occur.
In studies of the addition of thiyl radicals to cyclohexene
rings Bordwell, Landes, and Whitney (29) studied the free radical
addition of thiolacetic acid to 4-t-butyl-l-methylcyclohexene.
They found 80% of trans-diakial adduct (-SAc group axial) and 20%
of cis adduct (-SAc group equatorial).

This was explained by as

suming that in each instance the AcS*radical initiates a perpendi
cular attack on the C=C bond, but that attack from the "top" side
of the cyclohexene molecule is preferred for steric reasons.

The

radical intermediates formed from addition of the A c S ‘radical to
4-t-butyl-, 3-methyl- and 2-methyl-l-methylene-cyclohexanes were
found to abstract a hydrogen atom from AcSH preferentially into an
axial position.
The photochemically-induced additions of methanethiol to 4-tbutylcyclohexene by Huyser and Jeffrey (30) yielded a mixture of
four isomeric sulfides, trans-4-t-butylcyclohexylmethyl sulfide
(XIII), cis-4-t-butylcyclohexylmethyl sulfide (XIV), trans-3-tbutylcyclohexyl sulfide (XV), and cis-3-t-butylcyclohexyl sul
fide (XVI).

The less stable isomers (XIV) and (XV) were formed
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6

sch 3
SCH 3
XIII
■>

XIV

SCH 0

+
4-t-butylcyclohexene
SCH

3

XVI

XV

in amounts five to seven times greater than the equatorially sub
stituted isomers.

They propose the stereochemical control observed

in this free radical addition reaction to be the result of the
conformational factors encountered in the addition of the methanethiyl radicals to the double bond of 4-t-butylcyclohexene.
Free-radical thiol additions to cyclic systems (except bridged
bicyclic) show a preference for trans addition, although complete
stereospecificity has not been reported.

For the most part, the

stereochemical results are rationalized by a mechanisni involving
classical radicals, with the lack of specificity attributed to the
slow chain-transfer step.

Isomerizations of alkyl radicals and

even conformational changes in cyclic intermediate radicals are
presumed to occur before the hydrogen-abstraction process is com
pleted.
The absence of stereospecificity in radical thiol-olefin
reactions has not generated a need for a mechanism involving
bridged sulfur radical Intermediates.

However, Skell and Allen

(28) observed that methyl deuteriomercaptan undergoes photoinitiated
addition in a stereospecific trans manner to cis- and trans-

2

-

butene in the presence of deuterium bromide Indicating a high de
gree of steric control from which they suggest the intermediary
of a bridged sulfur radical.
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In more recent work Readio and Skell (31) studied the radical
chain addition of methyl mercaptan to l-chloro-4-t-butylcyclohexene.

The major product found was trans-3-methylmercapto-trans-

4-chloro-t-butylcyclohexane (XVII), the result of diaxial addition.
The other three isomers totaled 12%.

SCH
SCH
c h 3s

Cl

XVII

XVIII

Cl
Cl

+
SCH,
SCH.
XIX

XX
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Skell and Readlo rationalized the results by the following
scheme:
Cl
CHoSH
SCH
SCH

SCH

IHoSH
90%

•SCH

Cl

88%

SCH

3

10% •SCH

CH

Cl

SCH

SH

c h 3s h

Cl

SCH,

8%

CH
2%

At this time it is impossible to assign a definite unequivocal
mechanism for the free radical addition of mercaptans to olefins.
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EXP ERIMENTAL*
Preparation of 1-Phenylcyclohexanol - The procedure of Ginsburg
and Pappo (32) was followed.

Phenyllithium (84 g, 1.0 mole) in one

liter of ether was placed in a three-liter, two necked flask equip
ped with a magnetic stirrer, a dropping funnel, and a reflux con
denser and cooled in an ice-water bath.

Cyclohexanone (98 g, 1.0

mole) was added dropwise with stirring.

After addition was com

plete the reaction mixture was heated under reflux for twenty hours,
then decomposed slowly with ice water.

The ethereal layer was

washed with 10% sodium hydroxide, water and concentrated.

Distilla

tion gave 134 grams (75% yield) of 1-phenylcyclohexanol, b.p. 82°
(0.02 mm).
lit.

Crystallization from hexane gave crystals, m.p. 62-64°,

(33) 63°.
Preparation of 1— (2*t3'-Dimethoxyphenyl)-cvclohexanol - l-(2',

3'-Dlmethoxyphenyl)-cyclohexanol was prepared according to Bergmann
et al.

(34).

A two-necked, two-liter flask with magnetic stirrer

was flushed with dry nitrogen and 520 milliliters of Foote-n-butyllithium in hexane (0.83 mole) was added.

Mild heat was applied and

the hexane was removed by vacuum (20-30mm). Dry nitrogen was admitted
and the flask cooled in ice water.

Five-hundred milliliters of

ether was added and the solution was brought to reflux.

Veratrole

(200 g, 1.45 moles) was added dropwise with stirring and the mix
ture was heated under reflux for sixteen hours.

The

mixture was

All temperatures are uncorrected. All elemental analyses were per
formed by Galbraith Laboratories, Knoxville, Tenn. Nmr spectra were
recorded on a Varian HA-60 using tetramethylsilane as an internal
standard and the solvent was deuterated chloroform.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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decomposed with ice water and the ethereal solution separated, washed
with 10% sodium hydroxide, water, and concentrated.
gave

6 8

Distillation

grams (0.29 mole, 45% yield) of l-(2*,3'-dimethoxyphenyl)-

cyclohexanol, b.p. 116° (0.005 mm).
hexane, m.p. 51.5-53°, lit.

The oil was crystallized from

(36) 51-51.5°.

Preparation of Substituted 1-Phenylcyclohexanols - A two necked,
two-liter flask fitted with an addition funnel and reflux condenser
was flushed with dry nitrogen and 375 milliliters of tetrahydrofuran,
l-bromo-2-methoxybenzene (93.5 g, 0.50 mole), and magnesium turnings
(24.3 g, 0.50 mole) were added.

The reaction started without heat.

After the initial reaction had subsided the reaction was heated un
der reflux for one hour.

The mixture was cooled and cyclohexanone

(103.0 g, 0.50 mole) was added dropwise with stirring.

The result

ing mixture was heated under reflux for one hour and then stirred
for fifteen hours at room temperature (22°).
slowly to decompose the mixture.
was washed with
tilled.

1 0

Ice water was added

The ether extract of this material

% sodium hydroxide, water, concentrated, and dis

See Table 1 for results.

Preparation of Substituted Phenylcyclohexenes - The olefin was
prepared by the method of Ginsburg and Pappo (36).

1-(4*-Methoxy

phenyl) -cyclohexanol (94 g, 0.46 mole) was combined with oxalic
acid (41 g, 0.46 mole) in five-hundred milliliters of toluene and
heated under reflux for two hours.

The water was removed azeotro-

pically and the residue was taken up in ether, washed with 5% sodium
bicarbonate, water, concentrated, and distilled.

All olefins were

then fractionally distilled on a spinning band column.

All olefins

had to be chromatographed over neutral aluminum oxide (Merck) for

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE I
PREPARATION OF SUBSTITUTED 1-PHENYLCYCLOHEXANOLS

OH
r3

R

R,

R.

r3
Rl!

R 2

!

R.

Bromo
CycloTertiary
Compound Mg
hexanone Alcohol Yield Boiling
Moles
Moles Moles
Moles
%
Point

1

OCH~
■j

H

H

0.50

0.50

0.50

0.320

64.00

105-110°
(0.5 mm)

H

och 3

H

0.50

0.50

0.50

0.0291

58.20

115-135°
(0 . 8 mm)

H

H

och 3

0.50

0.50

0.50

0.392

78.40

103-109°
(0.4 mm)

ch 3

H

H

0.50

0.50

0.50

0.375

75.00

95-108°
(0.5 mm)

H

ch 3

H

0

.A 0

0.40

0.40

0.311

77.75

90-105°
(0.3 mm)

H

H

ch 3

0.50

0.50

0.50

0.310

62.00

90-100°
(0.5 mm)

och 3

och 3

OCH3i* 0.40

0.40

0.40

0 . 2 1 2

53.00

155-160°
(0.5 mm)

Heat was required to start Grignard reaction.
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-19fur ther purification except phenylcyclohexene, l-(2',3',4’-trimethoxyphenyl)-and 1— (2*.S’-dimethoxyphenylJ-cyclohexenes.

See Table 2.

Thirty to forty grams of the olefin in hexane was added to a glass
column, 4 cm x 30 cm, packed with 100-200 grams of aluminum oxide
in hexane.

The column was eluted with diethyl etherspentane (37°)

mixtures as follows: 250 ml, 0:1; 100 ml, 1:4; 100 ml, 2:3; 100 ml,
3:2; and 100 ml, 1:0 in 50 ml fractions.

Eighty-five to ninety-five

percent of the applied weight was eluted in the
tion.

1 0 0

% pentane frac

These fractions agreed in refractive indices.

The remaining

weight was eluted in the 40 to 100% diethyl ether fractions.
contaminant was never identified.

The

The pentane was evaporated and

the residue distilled and analyzed.
Preparation of 2-Phenylcyclohexanols - According to the pro
cedure of Lotspeich and Karickhoff (41) the hexane was evaporated
from three-hundred milliliters of Foote-n-butyllithium (0.48 mole)
with a vacuum (20-30 mm).

Dry nitrogen was admitted to the flask,

one-hundred milliliters of ether was added, and the flask was fit
ted with an addition funnel and reflux condenser.

After cooling

the mixture to -10°, l-bromo-4-methoxybenzene (57.8 g, 0.31 mole)
in three-hundred milliliters of ether was added dropwise with
stirring.

The mixture was heated under reflux for 2 1/2 hours,

cooled to -10° and cyclohexene oxide (50.0 g, 0.51 mole) in onehundred milliliters of ether was added dropwise.

The mixture was

heated under reflux for one-hundred hours and then decomposed with
ice water.

The ethereal solution was washed with 10% sodium hy

droxide, water, concentrated, and distilled.

See Table 3.
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TABLE 2
PHYSICAL DATA ON PHENYLCYCLOHEXENES FROM DEHYDRATION OF PHENYLCYCLOHEXANOLS

R 1

%

R 2

Yield

1

H

H

Boiling
Point

<

Elemental Analysis
H calc.

H found

C calc.

C found

m.p. = 33-34°
lit. (36)
m.p. = 35°

82.93

82.99

8.57

8.35

OCH 3

24.5

99/0.2

H

70.4

64/0.005

1.5694

82.93

83.23

8.57

8.57

H

H

65.9

63/0.003

1.5571

82.93

83.11

8.57

8.55

H

ch 3

68.3

55/0.01

1.5640

90.64

90.74

9.36

9.18

1

H
och 3
H

OCH 3

1

H

CH 3

H

48.1

60/0.002

1.5616

90.64

90.79

9.36

9.29

CH 3

H

H

46.9

54/0.005

1.5440

90.64

90.64

9.36

9.29

H

H

H

8 6 . 0

67/0.25

1.5726
lit. (37)
1.5718

91.08

91.08

8.92

8.93

OCH 3

OCH 3

H

83.5

101/0.3

1.5499
lit. (38)
N 23 = 1.5489
D

c
77.03

77.55
-------------

8.31

8.31
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TABLE 3
PREPARATION OF TRANS-2-PHENYLCYCLOHEXANOLS
OH

>

Br + BuLi +

3
R,

2

R.
1

Cyclohexene
oxide
Moles

Boiling
Point

0.45

0.51

112-120/0.4

40.8

0.31

0.45

0.51

135-155/0.9

34.6

H

0.31

0.45

0.51

128/1

53.4

H

CH3

0.31

0.45

0.51

120-138/0.3

59.6

H

ch 3

H

0.31

0.45

0.51

109-115/0.6

59.9

H

H

H*

0.50

0.50

120-124/0.3

26.2

H**

0.73

0.60

120/0.09

28.4

Bromo
cpd
1
i Moles

BuLi
Moles

CH 3

0.31

H

H

H

R 1

R 2

r 3

H

H

0

H
och 3

och 3

och 3 och 3

0.60

%
Yield

Foote Phenyllithlum was used.
Lithium derivative was prepared as described in the procedure for
preparation of the tertiary alcohol.
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Preparation of the TosvlateB'of-2-Phenvlcyclohexanols - The 2phenylcyclohexanols were dissolved in pyridine and cooled in an ice
bath.

An equimolar amount of p-toluenesulfonyl chloride was added

slowly with stirring.
in the cold (5°).

The mixture was allowed to stand overnight

The slurry was poured over an ice-concentrated

hydrochloric acid mixture with stirring.

The tosylate was removed

by filtration and the solid crystallized from methanol.

See Table

4.
Preparation of 2-Phenylcyclohexanemercaptoacetic Acids by
Free Radical Addition - The reaction was carried out according to
the procedure by Holmberg ( 8 ).

Equimolar, 2:1, and 3:1 molar

ratios of mercaptoacetic acid:olefin and a catalytic amount of
benzoyl peroxide were allowed to react at 30° for several hours.
The reaction mixture was treated with 5% sodium hydroxide and
extracted with ether to remove unreacted olefin.

The aqueous

solution was acidified, extracted with ether, and concentrated.
To obtain a solid derivative the sulfone acid was prepared
by dissolving the acid in glacial acetic acid, cooling (5°) and
adding a 50% molar excess of 30% hydrogen peroxide.

After four

days in the cold (5°), the reaction mixture was poured over an
ice-HCl solution and stirred vigorously.

The resulting solid

was filtered, washed with water, recrystallized from methanolwater, and then benzene-pentane.

See Table 5.

Preparation of 2-Phenylcyclohexanemercaptoacetic Acids by
Tosylate Displacement - One-hundred milliliters of anhydrous,
redistilled methanol was added to potassium hydroxide (3.12 g,
0.056 mole) in a two-hundred milliliter flask equipped with a
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TABLE 4
PREPARATION OF TOSYLATES OF 2-PHENYLCYHEXANOLS

OSO2 tf1-CH^-p

R.

R

Elemental Analysis
C calc.

C found

116-118

66.67

66.42

6.67

6.72

75.7

96-97

66.67

66.51

6.67

6.67

H

77.9

98-99

66.67

66.36

7.67

6.69

H

ch 3

56.8

123-124

69.77

70.27

6.98

7.19

H

ch 3

H

70.2

127-129

69.77

69.71

6.98

7.03

ch 3

H

H

60.1

63-65

69.77

69.52

6.98

6.92

H

H

H

74.6

--

--

--

--

64.61

64.79

6.67

6.78

r3

Yield

M.P.

och 3

88.7

H

H

H

R 1

H

H
OCH 3

r2

H
och 3

157-158

H calc.

H found

lit. 157-8 (41)
OCH 3

OCH 3

H

65.2

113-114
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TABLE 5
PREPARATION OF 2-PHENYLCYCLOHEXANEMERCAPTOACETIC ACIDS*
SCH2COOH

>+

R 1

H
H

HSCH0COOH

Elemental Analysis

r2

R3

Sulfone
111 «p •

H

och 3

162-164

57.69

57.16

6.60

6.42

H

119-120

57.69

58.13

6.60

6.34

och 3

C calc.

C found

H calc.

H found

OCH 3

H

H

169-170

57.69

57.83

6.60

5.97

H

H

ch 3

139-141

60.81

60.30

6.79

6.53

H

ch 3

H

125-127

60.81

60.89

6.79

6.75

ch 3

H

H

140-142

60.81

60.64

6.79

6.76

H

H

H

139-141

59.58

60.32

6.38

6.52

H

Unable to
Prepare

--

--

--

--

och 3

och 3

JU

Acids were converted to sulfones to obtain solid dervatives for analysis.
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magnetic stirrer and reflux condenser with drying tube.

After the

potassium hydroxide was dissolved, mercaptoacetic acid (2.56 g,
0.027 mole) was added.

When the mixture had cooled the tosylate

of 2-(2'-methoxyphenyl)-cyclohexanol (5.0 g, 0.014 mole) was added
all at once with stirring.
sixty-five hours.

The mixture was heated at 60° for

The methanol was evaporated, water was added and

the unreacted tosylate removed by filtration.

The filtrate was ex

tracted with ether in order to isolate the desired sulfide acid.
This procedure was used for all displacement reactions.

See Table

Rate Studies
Reagents:

Standard 0.05 N iodine in 95% ethanol was prepared by

dissolving 6.5 grams of iodine in 95% ethanol and diluting to 1
liter.

The solution was standardized once a week by pipetting

5 ml into a flask, adding 2.5 ml of 5% potassium iodide solution
and titrating with standard 0.1 N sodium thiosulfate solution,
using starch indicator near the end point.
Directions:

Olefin, freshly distilled mercaptoacetic acid, and a

catalytic amount of benzoyl peroxide were accurately weighed in a
10 ml reaction vessel fitted with a ground glass stopper.

The

reactants were mixed on a Vortex Junior Mixer and placed in a con
stant temperature bath.

Periodically aliquot samples were weighed

into 50 ml beakers containing 25 ml benzene (Fisher Reagent Grade)
and three drops of pyridine were added.

The unreacted mercaptan

was then titrated with 0.05 N iodine in ethanol to a faint yellow
color.

A blank was run to determine whether solvent or olefin

consumed iodine in a short period of time.

See Table 7.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

6

.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

TABLE

6

TOSYLATE DISPLACEMENT
SCH,COOH

KSCHoCOOK

R 1

OCH 3
H

Elemental Analysis *

Yield
Acid

Sulfone
M.P.

C calc.

C found

H calc.

H found

r2

R3

H

H

49.4

135-138

57.69

58.01

6.60

6.42

H

43.9

118-120

--

--

--

--

39.7

Unable to
Prepare

och 3

H

H

ch 3

H

H

28.9

140-142

--

--

--

--

H

ch 3

H

32.4

125-128

--

--

--

--

H

H

ch 3

24.8

140-141

--

--

--

--

H

H

H

31.2

139-140

--

--

--

--

och 3

och 3

och 3

H

Unable to
Prepare
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TABLE 7
FREE RADICAL ADDITION OF MERCAPTOACETIC ACID TO PHENYLCYCLOHEXENE DERIVATIVES
PERCENT OF MERCAPTAN REACTED
SUBSTITUENT

Time (hr)

-OCH 3

111

0

-OCH 3

p-CH 3

m-CHg

0

-CH 3

H

Trimethoxy

[1:1]

Veratrole

Methylcyclohexene

1 / 2

23.7

23.4

30.0

36.1

--

21.3

20.3

14.2

55.0

1

27.9

27.7

37.3

38.8

18.7

24.9

2 1 . 6

17.2

58.9

2

31.9

32.6

40.8

42.2

20.3

30.3

--

20.3

66.9

3

34.0

36.1

43.5

44.6

20.3

39.8

24.7

23.5

--

4

--

--

--

--

20.5

--

28.2

26.1

--

5

37.8

38.9

41.4

--

--

--

29.5

28.3

70.7

6

--

--

46.7

46.8

--

--

--

30.8

--

7

--

--

--

--

--

40.9

31.6

31.0

--

8

--

--

--

--

24.8

--

--

--

--

9

--

--

--

--

--

--

--

34.6

--

10

--

44.6

--

49.3

--

--

39.6

--

--

1 1

--

--

51.1

--

--

--

--

--

--

46.9
(147 hr)

73.2
(123 hr)

53.3
(93 hr)
52.5
(56 hr)

74.3
hr)

(101

72.0
(150 hr)

62.3
(124 hr)

42.5
(576 hr)

60.32
(328 hr)
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RESULTS AND DISCUSSION
The expectation that colchicine might be used as a therapeu
tic agent against cancer as indicated by-early studies has not
been sustained by more extensive investigation;

'The-high toxicity

of the alkaloid prevents its use as an- antitumor agent in any but
the smallest doses.

In an attempt to synthesize derivatives of

colchicine which retain a high antimitotic activity with less
toxicity it was found that l-( 2 ’-methoxyphenyl)-cyclohexene exhi
bited antitumor activity for Lewis Lung'Carcinoma and Sarcoma 180;
1— (2T,3'-dimethoxyphenyl)-cyclohexene- showed' activity against
Lewis Lung Carcinoma and showed some- activity against Sarcoma
180; and 1-C2 1 ,3’>4 ,*-trimethoxyphenyl)-cyclohexene showed no
activity against Sarcoma 180 but showed- slight activity against
Lewis Lung Carcinoma.

See-Table

8

. 'These'compounds vary only in

methoxy groups substituted'on the-aromatic nucleus.

A slight

change in chemical structure altered the antitumor activity dra
matically.

It was hoped that this- effect' could be found in the

chemical reactivity and the two could be correlated.
To synthesize the phenylcyclohexene derivative^ the follow
ing synthetic scheme was used:

Oxalic Acid^Rj
Toluene

CH,, OCH,, H

XXI

XXII
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TABLE 8
ANTITUMOR TESTING RESULTS

Compounds

NSC No.

KB Cultures
ED 5 0 = 6 yg/ml

Sarcoma 180
< 0.53

Lymphoid
Leukemia
> 1.25

Toluene, p-l-cyclohexen-l-yl-

102326

0.90

Toluene, m-l-cyclohexen-l-y 1 -

102327

0.90

Toluene, o-l-cyclohexen-l-yl-

102328

1 . 0 0

Anisole, p-l-cyclohexen-l-y 1 -

77118

Anisole, m-l-cyclohexen-l-yl-

102329

Anisole, o-l-cyclohexen-l-y 1 -

91066

Veratrole, o,m-cyclohexen-l-yl-

91965

Trimethoxy, o ,m ,p-cyclohexen-l-yl-

84508

6.9

.90

Lewis Lung
Carcinoma
< 0.53

0.94
0 . 8 6

24
1 0 0

25

.34, .48, .54

1 . 0 0

.31, .42

.81

1 . 0 1

.39, .82

1 . 0 1

.57

1 . 2 1

I
M
VO
I
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The double bond in- the cyclohexene ring is- the most reactive
site on the phenylcyclohexene molecule. •One could only speculate
as to what this double bond might react with in the tumor cells,
if indeed it does.

Body proteins contain free thiyl (1,2) groups

that might react with these compounds.

The thiol groups of pro

teins have been shown to react with compounds containing reactive
double bonds, such as N-ethylmalelmide.

The following scheme was

used in the present study:
R,

+ HSCH COOH + Benzoyl
Peroxide

XXIII
The formation of all Grignard reagents was vigorous and re
quired external cooling after the reaction had started, except

1

-

bromo-2,3,4-trimethoxy-benzene which required external heat to
initiate the reaction.

Condensation of the Grignard reagents with

cyclohexanone gave good yields of the tertiary alcohols.

Phenyl-

cyclohexanol was synthesized directly by the condensation of
Foote phenyllithium with cyclohexanone.

1— (2*,3’-dimethoxyphenyl)-

cyclohexanol was prepared from the metallation of dimethoxybenzene
with Foote n-butyllithium followed by condensation with cyclohex
anone .
The dehydration of the tertiary alcohols to the corresponding
olefins went smoothly with oxalic acid in boiling toluene to give
high yields of the corresponding olefins.

Fractional distillation

of the olefins on a spinning band column did not give satisfactory

Reproduced with permission of the copyright owner. Further reproduction prohibited w ithout permission.
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purification.

It was necessary to further purify the olefins by

column chromatography.

After purification by passing over neutral

aluminum oxide (Merck) and redistillation, the olefins gave good
elemental analyses.
Free radical thiol additions are generally less stereospecific
than the analogous addition reactions of hydrogen bromide.
radical addition of thiolacetic acid to

1

Free

-substituted cyclohexenes

has been shown to give predominantly the cis-product (21).

In order

to establish proof of structure of the phenylcyclohexene-mercaptoacetic acid (XXIII) from our rate studies the following synthesis
was used.

o

+
Li

P-CH 3 -C 6 H 4 S0 2 C1

XXIV

R.1

Ri

KSCH2C00K
*
s c h 2c o o h

OSO2C6H5-GH3-P

XXV

XXVI
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The trans alcohols were prepared by the stereospeclfic reac
tion of phenyllithium derivatives with cyclohexene oxide (34) in
good yields.

The tosylates of the trans alcohols were prepared

and reacted with the dipotassium salt of mercaptoacetic acid.
The resulting acids could not be crystallized and were converted
to sulfones to obtain solid derivatives for analysis.

Cis- and

trans- 2 -( 2 *,3’-dimethoxyphenyl)-cyclohexanemercaptoacetic acids
and trans- 2 - (4 1 -methoxyphenyl)-cvclohexanemercaptoacetic acid did
not give solid sulfones.
Cristol and Stermitz (42) have shown that 2-phenylcyclohexylp-toluenesulfonate underwent inversion on treatment with sodium
methylmercaptide.

However, hotBpeich and Karickhoff (41) have

shown trans-2 - (2*,3*,4,-trimethoxyphenyl)-cyclohexyl-p-toluenesulfonate does not undergo inversion when treated with the dipo
tassium salt of mercaptoacetic acid.
configuration.

The acid retained the trans

From nmr data and additional chemical experiments

the following scheme was proposed to illustrate a
way.

possible path

See Figure 1.
According to Gould (43) there are three principal types of

evidence that point to neighboring group participation.

First, if

such a participation occurs during the rate-determining step, the
reaction is almost certain to be significantly more rapid than
other reactions that are similar but do not involve participation.
Secondly, the stereochemistry of.a reaction might suggest that
neighboring groups become involved.

Finally, neighboring group

participation may lead to a molecular rearrangement when the
neighboring group remains bonded to the reaction center but breaks
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OCH

Figure

1
OCH

CH
CH
CH
CH,

0

‘s c h 2c o o
?6 H 4
p-CH,

OCH
OCH
OCH

S

COO"

CH
CH 3
OCH
CH,

I

_

COO
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away from the atom it was originally attached to in the substrate.
In 1949 Cram (44) proposed the first phenonium ipn intermediate,
ethylene phenonium ion, which he represented with the following
structures:

More recently Brown (45) has questioned the validity of the
original interpretation of the phenonium ions.

He states that the

data for phenyl (unsubstituted aryl) derivatives fail to reveal
any significant rate acceleration in their acetolysis and only
slight acceleration in their formolysis.

Instead of the stable

phenonium ion intermediate Brown postulates the existence of
equilibrating cations or ion pairs because of the absence of sig
nificant rate acceleration and lack of any theoretical justifica
tion for the absence of the intermediate class of equilibrating
cations.

In our work a 2:1 molar ratio of dipotassium salt of mercap
toacetic acid and the trans-tosylate were dissolved in anhydrous
methanol and heated at 56° for three days.
In order to compare the structures of the acids formed from
tosylate displacement and free radical addition, nmr spectra were
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run on all compounds.

Cis- and trans-2-(2f,3',4'-trlmethoxyphenyl)-

cyclohexanemercaptoacetic acids,

(XXVII and XXVIII)

(41) were dis

tinguished by their nmr spectra.

OCH

OCH

CH„0
SCHoCOOH

XXVIII

XXVII

The spectrum of acid XXVII showed two broad peaks centered at
x6.84

and t 6 . 6 0 for the two tertiary protons.

Acid XXVIII had an

unresolved peak centered at t 7 . 8 5 and two peaks centered at t 6 . 9 8
partially obscured by the methylene groups between the sulfur atom
and carboxy peak.

The cis acid XXVII is also characterized by a

quartet.
The cis pattern is as follows:
T7.52

T6.60

quartet
The trans pattern is as follows:

x7.52
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The quartet of the cla acid and the peaks at t 6.60 and t 6.84
are absent in the spectrum of the trans acid.

The trans acid

spectrum has two characteristic peaks centered at *6.98 that are
not present in the spectrum of the cis acid.

The nmr spectra of

all of the acids formed from the free radical addition of mercapto
acetic acid to the phenylcyclohexene derivatives contain the char
acteristic nmr pattern of cis-2-(2' .3* .4'-trimethoxyphenvD-cyclohexanemercaptoacetic acid.
Nmr spectra were obtained for the acids synthesized by the
tosylate displacement reaction.

2-(2'-Methylphenyl)-, 2— (3'—

methylphenyl)-, 2-(4,-methylphenyl)-, 2-(3'-methoxyphenyl)-, and
2

- (phenyl)-cyclohexanemercaptoacetic acid had nmr spectra similar

to the spectrum of cisj-2-(2',3*,4'-trimethoxyphenyl)-cyclohexane
mercaptoacetic acid, the two peaks at t6.84 and t6.60 and the
characteristic quartet.

It is possible to conclude that inversion

did take place and the cis-phenylcyclohexanemercaptoacetic acid
derivatives were formed from the trans-phenyl-cyclohexyl-p-toluene
sulfonates.

It would appear that there was no phenyl participation.

2-(2'-Methoxyphenyl)-, 2-(4,-methoxyphenyl)-, and 2-( 2 ’,3'dimethoxyphenyl)-cyclohexanemercaptoacetic acid did not have the
characteristic quartet that is seen in the spectrum of the cisacids but did have the doublet at T7.00 that is present in the
trans-2-(2',3',4'-trimethoxyphenyl)-cyclohexanemercaptoacetic acid
nmr spectrum.

From this evidence it would appear that the ortho-

and para-methoxyphenyl groups aided phenyl participation and reten
tion of configuration occurred.

There are reports that a p-methoxy-

phenyl group participates to a greater degree in anchimeric assis
tance than a phenyl group (48,49).

The difference in melting
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points of the sulfones of the cis- and trans- 2

- (2

*-methoxyphenvl)-

cyclohexanemercaptoacetic acid supports this but solid derivatives
were not obtained from the other two acids that showed retention
from their nmr spectra, 2-(4'-methoxyphenyl)- and 2-(2’,3,-dimethoxyphenyl)-cyclohexanemercaptoacetic acids.

See Figures 2 and

3 for typical spectra.
In Table 9 it can be seen that in those reactions where phenyl
assistance is indicated that elimination is a major pathway.

The

nmr spectra of these acids do indicate that a small fraction of
cis-acid formed.

The characteristic quartet was present in the

spectra, but it was very weak.

TABLE

9

DISPLACEMENTS OF PHENYLCYCLOHEXYL-TOSYLATES
WITH KSCH COOK
2

Substituent

Olefin Recovered

Tosylate Recovered

O-0CHg

+

-

111

-OCH 3

-

+

p -o c h 3

+

-

-CH 3

-

+

m-CHg

-

+

p-CH 3

-

+

H

-

+

veratrole

+

-

0

Nucleophilic substitution reactions of Sn2 type involving cyclo-
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hexyl halides have been found to be quite slow as compared to simi
lar reactions involving secondary halides (46).

Eliel (47) has

shown that in the cyclohexyl tosylate-thiolphenolate reactions a
large proportion of E2 elimination occurred in the reaction of
axial tosylates with thiopher\olate and that the equatorial tosylates did not undergo appreciable bimolecular elimination.

However,

in this study where large bulky groups were present, elimination
was a major pathway in those reactions where phenyl participation
was indicated.

In the remaining tosylate displacement reactions

(Table 9) a 100% yield could be calculated from the amount of acid
formed plus the tosylate recovered.

It would appear that two dif

ferent mechanisms are involved.
The stereochemistry of the compounds definitely indicates that
phenyl participation was involved.

Since no rate studies were done

it is impossible to state whether the rate of reaction was defi
nitely accelerated.

However, in those reactions where phenyl par

ticipation was indicated, the reactions went to completion if dis
placement and elimination are considered.
reacted by one or the other pathways.

All of the tosylate had

The same conditions were

used in all reactions so it is reasonable to speculate that in the
reactions where phenyl participation was involved that the rate
was indeed accelerated.

In the other tosylate displacements about

fifty percent of the tosylate was recovered.

The reaction appears

to go by the mechanism proposed in Figure 1.
In order to complete the study it was desirable to separate
the cis-trans isomers formed in the free radical addition of mer
captoacetic acid to the phenylcyclohexene derivatives.

Gas chroma-
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tography would not lend itself to this type of compound due to the
large molecular weight, the heat labile methoxy groups, and the carboxy groups.

The first approach was to try to separate the iso

mers on neutral aluminum oxide.

However, the acid was retained on

the column and could not be eluted.

Previously cis- and trans- 2-

(2*,3',4'-trimethoxyphenyl)-cyclohexanol had been separated on
aluminum oxide.

The acids were reduced to the corresponding al

cohols with lithium aluminum hydride and attempts were made to sep
arate the isomers on an aluminum oxide column.

The alcohol was

eluted from the column with various solvents but no separation
was afforded.

The same results were found with silicic acid.

No

separation was evident but the column did retain some impurity
that could be removed with methanol.

The nmr spectrum of the

methanol fraction did not match the spectrum of the fraction re
moved with diethyl ether.
After no physical separation of the isomers could be accom
plished, the acids were purified on silicic acid and the isomer
ratios were determined with nmr.

Since nmr had shown the 2— (2* —

methoxyphenyl)-cyclohexanemercaptoacetic acid from the free radi
cal addition and tosylate displacement to be different isomers,
it was used for the first study.
After purification an nmr Bpectrum was obtained on a 20% w/v
solution in deuterated chloroform.

The cis-acid had a spectrum

as shown in Figure 2 and the trans-acid in seen in Figure 3.

So

lutions of the cis-acid with increasing amounts of trans-acid
were prepared.

Figure 2 shows pure c i B , 5% trans. and 10% trans.

There is no indication of the characteristic doublet of the trans-
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acid at T7.00 in the spectrum of the 100% cis-acid.

In the 5%

tranB acid spectrum there is an indication of the doublet and it
becomes stronger in the 10% and 20%.

A nmr spectrum of the acid

from free radical addition before purification over silicic acid
did not reveal a doublet at ^7.00.
All of the other acids formed from the free radical addition
of mercaptoacetic acid to the phenylcyclohexene derivatives were
checked by the same procedure.
indicate the trans-acid.

None showed a doublet at T7.00 to

From this work it can be assumed that

the formation of trans-acid in this reaction is less than
perhaps 5%.

1 0

% and

The amount of trans addition did not appear to change

with an increasing amount of mercaptoacetic acid.
Previous workers (7,11) showed the free radical addition of
mercaptoacetic acid to styrene to be quite rapid.

However, pre

vious work in this laboratory (41) showed the addition of mercap
toacetic acid to 1— (21 ,3*,4'-trimethoxyphenyl)-cyclohexene to be
extremely slow at 25°.
In the chemical rate studies, 1:1, 2:1, and 3:1 molar ratios
of mercaptoacetic acid:olefin were studied using benzoyl peroxide
as the initiator.

The thiol, olefin, and peroxide were mixed and

placed in a constant temperature bath at 30°.

Aliquots were taken

from the sample, weighed, dissolved in benzene and titrated with
standard iodine.

All reaction vessels were the same size and

fitted with a ground-glass stopper.

At the end of the reaction

period the acid was extracted and the percent of acid formed cal
culated to check with the percent obtained from the titration peocedure.

Both procedures gave good agreement.
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The reaction with a 1:1 molar ratio leveled off very quickly
after

1 /2

hour or after about thirty percent of the mercaptoacetic

acid was consumed making it very difficult to obtain any kinetic
information.

However, the percent of acid formed per hour is

given in Table 7.
The 2:1 and 3:1 molar ratios were much faster.

By doubling

the amount of mercaptan the reaction rate approximately doubled.
When the olefin was doubled the rate increased but did not double.
This indicates that the reaction is first order in mercaptan and
second order in olefin.
Complex reactions generally occur as a sequence of mono-mole
cular and bimolecular processes, and measurements of the order pro
vide information only on the slowest step.

The free radical addi

tion of mercaptoacetic acid to phenylcyclohexene derivatives, after
the initiation of radicals, takes place in two steps, addition and
abstraction.

+

s c h 2c o o h
s c h 2c o o h

(A)

<B)

+

h s c h 2c o o h

isch 2c o o h

(C)

--- ^

+

•s c h 2c o o h

;c h 2 c o o h

(D)
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The order will depend on the relative rates of the two stages.
If process (1) is very slow, k ,<<k", the overall rate will be deter
mined solely by the rate of this step.

In effect the rate with

which (C) combines with (D) is so fast in comparison to its rate
of formation that variation in concentration of (D) will be too
slight to be detected experimentally and will exert no effect on
the overall rate of the reaction.
If, on the other hand process
reaction will be of a higher order.

(2) is much slower than (1) the
In this case the rate of for

mation of the final product will depend at any instant on the con
centration of all reactants.
The rate of a complex reaction depends necessarily on the con
centrations of all reactants taking part in the slowest step and
on those which precede it.
In this reaction the initial amount of RS* should be constant
in all reactions irregardless of the molar ratio of mercaptan:olefin,
because the benzoyl peroxide ratio is the same in all cases.

In

creasing the amount of RSH should not increase the rate of process
(1).

The change in the rate of the reaction indicates that process

(2) is rate limiting.

If the propagation step is not rapid the

intermediate radicals will tend to accumulate and termination will
be facilitated.

The added use of ultraviolet radiation did not in

crease the rate of reaction, indicating that the availability of
more RS° did not accelerate the rate.

When enough mercaptan was

added to increase the rate sufficiently, the reaction essentially
went to completion without falling off in rate.
Since the reaction rate leveled so quickly at low mercaptan
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concentration, it would appear that the free radicals were terminat
ing.

Molecular oxygen was not expelled from the reaction flasks,

but for oxygen to effect the rate it must be present in very high
concentration.

It is also possible that the products could inhibit

the reaction, but the leveling effect was not evident in the reac
tions with a high mercaptan concentration.

Another factor that

might cause the reaction to be retarded is the polymerization or
dimerization of the olefins.

It is known that styrene undergoes

polymerization if not stabilized.

p-Methoxyphenylcyclohexene also

undergoes some change after standing.

Exposed to air it changes

from a white crystal to a yellow oil in twenty-four hours.

After

six months, stored in a closed brown bottle, only 3% remained un
changed.

Therefore it seems possible that in the presence of a

free radical initiator this decomposition might take place more
rapidly.

If dimerization is an important pathway the propagation

step must be sufficiently fast to keep the reaction from stopping.
In this study when the mercaptan concentration was high enough, the
reaction essentially went to completion.
In order to determine the order of the reaction the concen
tration of the reactants were measured at various times and
the values plotted to determine if a linear response was ob
tained with any of the known rate equations.
tions followed a first order plot.
see Figures 4-12.

None of the reac

For the second order plots

The 2:1 molar ratio followed a second order

plot for about an hour then leveled off and followed a second
order plot again.

In the 3:1 molar ratio the faster react

ing compounds followed a good second order plot almost to com-
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pletion.

See Figure 12.

By calculating the slopes of the lines

from the initial reaction it was possible to compare the rates of
the substituted phenylcyclohexenes to phenylcyclohexene.

See

Table 10.

TABLE

10

RELATIVE REACTIVITIES OF PHENYLCYCLOHEXENES
TOWARDS MERCAPTOACETIC ACID 30°

Substituents

Mercaptoacetic Acid:01efin Ratio
2:1
3:1
Slope
Rate
Slope
Rate

P- 0 CH 3

8.50

2.13

19.00

2.53

-OCH 3

6.80

1.70

14.40

1.92

m- 0 C H 3

5.85

1.46

1 0 . 0 0

1.33

P-CH 3

6.29

1.57

13.40

1.78

IH-CH3

4.87

1 . 2 2

9.44

1.26

H

4.00

1 . 0 0

7.50

1 . 0 0

2,3,4-trimethoxy

3.75

0.94

—

—

—

—

0

2

,3-dimethoxy

2.94

0.74

0

-CH 3

2 . 1 1

0.52

2,95

0.39

In an attempt to determine activation energies the reactions
were studied at 30°, 60°, and 90°.
of the reaction.

There was no change in the rate

The reaction appeared to be temperature indepen

dent.
The various olefins used in this study vary only in struc
ture with the methyl and methoxy substituents on the aromatic ring.
The methyl and methoxy groups could effect the free radical addition
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of mercaptoacetic acid by affecting the electron density of the
olefin at the reaction site, by resonance stabilization of the
free radical, or by sterlc interference.
The Hammett equation relates structure to both equilibrium
constants and rate constants for the reactions of meta- and parasubstituted benzene derivatives.

The parameter of this equation

which is of interest in the present work is the

a

constant which

is characteristic of the substituent and represents the ability of
the group to attract or repel electrons.

A positive

a

indicates

the substituent is a stronger electron attractor than hydrogen;
substituents with a negative o are weaker electron attractors than
hydrogen.
Hammett Constants
Group

am

-CH 3

-0.07

-0.17

0.12

-0.27

-0CH 3

ap

The Hammett equation is generally not applicable to the reac
tions of ortho substituted benzene derivatives.

Here the substitu

ents lie close to the reaction site and may influence the reaction
both by their electron attracting ability and steric interaction.
The steric interaction of the ortho-methyl group can be seen in
the reaction of mercaptoacetic acid with o-methylphenylcyclohexene.
The rate does increase some with a higher concentration of mercap
tan but relative to phenylcyclohexene the rate goes down.
methoxy group has the direct opposite effect.

The o-

It accelerates the

rate of reaction.
Walling (14) has shown evidence that the thiyl radical is a
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strong electron acceptor attacking points of high electron availa
bility.

He has shown the following order of reactivity of mercap

toacetic acid to substituted styrenes: p-OCH 2 >>p-CH 3 >Phenyl>p-Br>
m-Br-p-Fo

Thiyl radicals should be electrophilic and electron donat

ing groups in the olefin should facilitate homolytic thiol additions
by increasing the electron density at the double bond.

The en

hanced reactivity of para-methoxy and para-methyl styrene in
Walling's work supports this theory.

It has also been shown that

electron attracting groups in the thiol increase the reactivity of
the derived thiyl radical.
Many reactivity series have been discussed in terms of the
resonance stabilization of the radicals formed in the resulting
reaction, the formation of stable radicals being associated with a
relatively rapid reaction (10,50).

On the other hand the presence

of conjugating groups is known to stabilize a double bond (by
delocalization of its pi electrons) and should accordingly de
crease its reactivity.

These effects are parallel but a given sub

stituent is considerably more effective in stabilizing a radical
than in stabilizing the olefin from which it comes.

This might

suggest that an unpaired electron is more loosely held than one
which is engaged in forming part of a double bond, and that its
orbital is more available for overlapping with other neighboring
orbitals.
Substituents which increase the reactivity of double bonds
greatly decrease the reactivity of the resulting radicals.

In the

free radical addition of mercaptoacetic acid to substituted phenyl
cyclohexenes, the phenyl ring should increase the electron density
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of the double bond and enhance its reactivity towards the thiyl
radical.

On the other hand, if you increase the resonance sta

bilization of the radical formed you should decrease the overall
rate of the reaction.

Whereas most free radical thiol additions to

olefins are quite rapid, the free radical addition of mercaptoace
tic acid to phenylcyclohexene deriviatives is comparatively slow.
It is possible that the ring stabilization of the free radical is
responsible for this effect.
The para- methoxy group should increase the electron density
of the double bond in phenylcyclohexene as much as it does in
styrene.

However, the para-methoxy groups in styrene increase

the rate by a factor of one-hundred; in phenylcyclohexene the rate
is only increased two to three fold.
creased rate of the para-methoxy group

It would appear that the in
is due to its ability to

increase the electronegativity of the double bond.

This is illus

trated in Table 9.
In the rate of addition of mercaptoacetic acid to substituted
phenylcyclohexenes the following order of reactivity was found:

p-OCH3:-o-OCH3>p-CH3>m-OCH3>m-CH3>H>o,m,p-OCH3>o,m-OCH2>o-CHg.
From c constants P-OCH 3 , P-CH 3 , m-CH^ and m - 0 CH 3 act as electron
donors and should increase the rate of reaction.

As was already

stated the ortho groups do not follow the Hammett equation.

An

ortho-methoxy group should act as an electron donor and increase
the rate of reaction.

There is no significant difference be

tween the two meta constituents.

If the Hammett equation were

followed precisely, they should be in reverse.

Since the tri-

methoxy, dimethoxy, and ortho-methvl-phenylcvclohexenes have slower
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rates than phenylcyclohexene, some other factor must be involved.
The 0-CH3 most likely causes steric interference.

The rate is in

creased slightly when additional mercaptan is added.

The 0-OCH3

did not appear to cause steric interference so it is difficult to
explain the slow rates of the dimethoxy- and trimethoxy-phenylcyclohexenes.

It is possible that the proximity of the m-OCHg

group to the 0-OCH3 group forces the latter group closer to the
reactive double bond thus protecting the double bond from attack by
the thiyl radical.
The phenyl group is capable of stabilizing the free radical
formed from phenylcyclohexene by delocalization of the free elec
tron.

Adding methoxy or methyl groups to the phenyl ring does not

appear to increase delocalization of the lone electron of the free
radical.

If stabilization of the free radical by these groups was

significant, the rates should be in reverse.

The near correlation

with the Hammett equation gives more convincing evidence that the
effect is a result of the mercaptide radical seeking a site of
high electron density.
The following scheme shows a possible pathway for the free
radical addition of mercaptoacetic acid to phenylcyclohexene deri
vatives.
SCH2COOH

+

"SCH„COOH

HSCHoCOOH
s c h 2c o o h

s c h 2c o o h

H

<5%
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If the major cis product is formed by trans-diafcial addition
and the second step is sufficiently slow, chair-chair interconver
sion could precede the hydrogen abstraction step.

It would then

seem in our reactions that the slower ones should form more trans
acid, but due to the bulkiness of the phenyl groups the chair-chair
interconversion would be less likely.

A more stable compound is

formed with the phenyl group in the equatorial position.
Bordwell (29) found similar c i s :trans ratios in the addition
of thiolacetic acid to 4-t-butyl-l-methylcyclohexene.

Since no

chair-chair interconversion is possible a different pathway was
postulated.

Following his theory the absence of increased trans-

acid can be explained as follows:
The double bond in the alkene can be attacked from either side.
Axial attack by the RS- radical from the "top" side, path a, is fa
vored sterically since only the axial hydrogen at C-4 offers any
appreciable interference.

The chain intermediate A can be formed

with very little molecular readjustment of the original alkene con
formation.

Abstraction of a hydrogen by A into an axial position

will then give

1

(over-all trans-diaxial addition).

RS
3

A

Path a
RS

1
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However, axial attack of the RS- radical from the "bottom
side" (path b) is opposed by a hydrogen atom on an adjacent carbon
atom, the pseudoaxial hydrogen atom at C-3.
lows a path similar to the formation of

1

If the addition fol

, it will have to go

through a twist-boat intermediate (B), which then goes to B ' ,
then to B", and to 2,
H
H

3
SR
SR

Path b

B'

B

H

RSH y
*
SR

SR

B"

The twist boat intermediate B is less stable than the chair
intermediate A.
of path

This representation helps explain the preference

a over path b on the grounds of the relative stability of

the intermediates, as well as on the grounds of steric accessibi
lity.

This would also help explain why the formation of trans-

acid is not increased in the slower reactions.
The preferential abstraction of the hydrogen atom from RSH by
A or B" into an axial position in the second step is not readily
explained, since the preferred steric approach of the RSH molecule
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would be such as to place the hydrogen atom in an equatorial posi
tion.

If the free radical is planar one would expect it to be

attacked from the less hindered side in an equatorial position.
This would lead to the wrong stereochemistry.

For this reason

it might be better to represent the radical as pyramidal.
Table

8

shows the results obtained from the Cancer Chemotherapy

section of the National Service Center at the National Institutes
of Health on antitumor activity.

Due to incomplete data at this

time it is difficult to correlate the chemical activity with the
antitumor activity,

l-(2',3',4'-Trimethoxyphenyl)-cyclohexene show

ed slight activity against Lewis Lung Carcinoma but not against
Sarcoma 180; 1-(2',3'-dimethoxyphenyl)-cyclohexene passed the first
screening test against Lewis Lung Carcinoma but failed the second
and showed slight activity against Sarcoma 180; and 1— (2’-methoxyphenyl)-cyclohexene showed activity against Lewis Lung Carcinoma
and Sarcoma 180 and is still in the advanced screening stages.
When comparing these results with the chemical reactivity, one
sees thac the second most reactive compound, l-( 2 '-methoxyphenyl)-cyclohexene, is the most active against tumors.

The 1-

(4 1 -methoxyphenyl)-cyclohexene reacts faster than any of the other
substituted phenylcyclohexenes tested in this study, but showB no
activity against Sarcoma 180.
cinoma have not been received.

The results against Lewis Lung Car
If the chemical reactivity is to

correspond with the antitumor activity this compound should be
active against Lewis Lung Carcinoma and Sarcoma 180.

One explana

tion of its low activity could be due to the instability of the
compound as previously discussed.
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ABSTRACT
Comparative rates of the free radical addition of mercapto
acetic acid to substituted phenylcyclohexenes have been studied
with special reference to the activities of the olefins against
Lewis Lung Carcinoma, Sarcoma 180, Lymphoid Leukemia and KB Cul
tures.

All cancer screening data were supplied by the Cancer

Chemotherapy National Service Center at the National Cancer Cen
ter.

The rates of addition of mercaptoacetic acid to substituted

phenylcyclohexenes were determined by measuring the amount of un
reacted mercaptoacetic acid by iodine titration.

The reaction

was studied at 1:1, 2:1, and 3:1 thlol:olefin molar ratios.

At

a 2:1 ratio the rates were approximately doubled and at a 3:1
ratio the rates were approximately tripled.

The following order

of reactivity was observed; p<-OCH.j>o-OCH3 >p-CR 3 >m-OCH 3 >m-CH 3 >H>
trimethoxy>dimethoxy>o-CH 3 .
In order to establish proof of structure the corresponding
mercaptoacetic acid derivatives were prepared by the displace
ment of the tosylates of the substituted trans- 2 -phenylcvclohexanols with the dipotassium salt of mercaptoacetic acid.

How

ever, nmr revealed the acids prepared from the tosylates of trans2-(2'-methoxyphenyl)-, trans-2 - (4*-methoxyphenyl)-. t r a n s ^ - ^ * .3'dimethoxyphenyl)-, and trans-2-(2* .3' .A'-trlmethoxyphenvD-cvclohexanol to be the trans Isomers instead of the expected cis acids.
Phenyl participation could explain the retention of configuration
in these cases.
The free radical addition of thiols to olefins is thought to
proceed by trans addition to give predominantly the cis product.
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In this reaction no separation of the cis-trans isomers could be
afforded.

From nmr studies of the cis and trans acids it was con

cluded that in the addition of mercaptoacetic acid to substituted
phenylcyclohexenes the trans acid was formed in less than

1 0

%.

Data from the Cancer Chemotherapy National Service Center
showed 1-(2*-methoxyphenyl)-cyclohexene to be active against Lewis
Lung Carcinoma and Sarcoma 180, l-(2*,3'-dimethoxyphenyl)-cyclo
hexene to produce some activity against Lewis Lung Carcinoma, and
l-(2',3',4!-trimethoxyphenyl)-cyclohexene to be active against
Lewis Lung Carcinoma to a lesser degree.
No conclusive correlation was found between the chemical test
ing data and the cancer chemotherapy screening data.
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